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Motivation:

> B mixing B" = (B)+ B,)) - CP—odd
= Mass eigenstates B_ , and B . 2
= Nearly CP eigenstates B! :%( B,)~|B,)) - CP—even
(p,M)

> SM predicts Lifetime Difference in B,
system
» On-shell transitions contribute to AI'
> Ay = Amg=> Amy/ Amg = |Vy|/|Vil

Al = (3.7ff"§)>< 107, Al =0.121+0.06
Am, I (0,0) (1,0)
[B Physics at the Tevatron: Run Il and Beyond Hep-ph/0201071]
> By — Jlv $(K*): Pseudoscalar — Vector — Vector
> 0=1@®1,0rbitalL=0, 1, 2 (S, P, D)
»  Three amplitudes (partial wave, helicity, or transversity basis)
> Transversity basis: seperates CP (P) odd state nicely.
> A,=S +Dwave = CP(P) even
» A, =S +Dwave = CP(P) even
~ A, =P wave = CP(P) odd
» Time dependent transversity analysis can isolate the two B states and determine AI
> B,decays: Sister Channel. Control sample, check if results are sensible.

ViVa _ Vi _Va
VVal AV, A,

S
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Event Reconstruction

> CDF Run Il up to 2/2004

Jy > L~ 260 pb
*
N I
» Muon detector
K/Tt ~ Di-Muon Trigger Path

v

o2 K*K-; K*> K*n-
> Well measured in
Tracking Chamber (COT)

& g G ~30 um » With Silicon Detector Hits
‘\& ~ Mass window, p; cut
A 5 - > By OJIYK*; BLOJYO
> S Q;"J\b ~ Vertex-fit, p; cut
> Primary Vertex from
PV O 6~ 6,~30 um Beamline
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Transversity Basis

dip

CP(P) Even

f1() = 2cos? (1 — sin? 6 cos® ¢)
f2(@) = sin®(1 — sin® @ sin® )
fa(@) = sin*tsin®@

- : f4(P) = — sin? ¢ sin 20 sin ¢
2 — <
AJ_l 93(t)f3(p) B f(p) = is.in2tj:sin29sin2¢; CP(P) ODD
ATA | )-g4(t) Q) + b v
|| 1)°94 fe(P) = %sin%}:sin‘)ﬂcosq&
Re(ApA))-g5(t)- f5(P)

m(AgA1)-ge(t)-
gi(t) different for By

6

Z&g(t)f(ﬁ) and Bs and are rather
7 3

1=1

non-trivial

A. Dighe et. al., Eur.Phys.J.C6, 647-662

Interference Terms

Transversity angles are defined in
J/y rest frame

¢ X
KK Xy
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Time-Dependent Distribution

Bg:

d*P 2 Iyt
a7 di ™ |Ao[*-e™ L f1(P) +
Ay 2-e7 " fa(P) +

|A | [2-e T HE. f3(p) +
Re(AjA))-e "L f5(P)
[', =CP—-even
[', =CP-odd

® flavoer blind decay

e Sdcpy ~ 0.03
® Am, iz large
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jﬁi x {\Au 2. f1(P) +
1Ay 1% f2(5) +
|A | |% f3(P) £
Im(AjA L) f4(P) +
Re(ApA))-f5(p) £

Im(A5AL)- fo(P) }-e 4!

® flavor specific decay

® dpcpy = 2P



Fitting Model

> Unbinned likelihood fit, simultaneously fit angular,
lifetime and mass distributions

Errors on mass and ct

» Mass: Gaus(m, ¢) + Pol,(m) )
o _ are scaled by scaling factor
> Lifetime + Amplitudes: S S (Floating in the fit)
= = » Gaus(eq) ® (Sig(ct, {A}) + ZExp,(ct)'Bkg({B}))

|||||||
uuuuuuu

Long-lived %l
Displaced J/y paired with (random) track i e
|

Reflections and partially reconstructed B

- Shortlived ~ _—— Majority of the background

Prompt J/y paired with tracks (ct = 0)
Combinations with mis-measured tracks (ct > 0, ct < 0)

= Background Angular Distribution (allow for S, P, D components)

» Correction for detector efficiency and acceptance
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Detector Acceptance and Efficiency

10 10

candidates per 0,020
candidates per 0063

- I I I oC I I I
4% E oo B.E 1.0 ] T £

cose i

| > 40 M Full MC decays generated flat

in angular variables

: > Shapes show effect of cuts and
N detector sculpting

> This sculpting is corrected for by
. including an additional normalization
t term in the likelihood function

i n n 1 > Realistic MC tests and Pull tests
cosy ensure the correctness of the
treatment.

candidates per 0,020
|
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B, Fit: Mass and Lifetime Projection

2

candidates per 2.5 MeV/c

CDF Run Il Preliminary Lumi = 258+15 pt‘.i'1 . CDF Run Il Preliminary Lumi = 258+15 pt‘.i'1
I N 10
sk B = Jiy K® + + data EPF B2 dyK® « data
1e0f 119539, S1g. M m(sig) o M ct(Sig)
160f- Fit prob: 29.7% m(Swp) a3 ct(Bkg )
e m(Bkg) @ — Ct(Bkg 5)
120 _g 1[]2_
100 'E Fit prob: 60.7%
80 o 10
60
40
20 TE
0 .5.2D. — I5.25 I 530 — |5.1|55| — " - -DI.1 0.0
ct, cm
Ay = 0.750 £0.017 £0.012
A = (0473 £0.034 £ 0.006)(*56 022 £0.07i
AL = (0464 £0.035 £ 0.007)¢(*15 £015 =0.001
7o = 1.54 £0.05 £0.02 ps

vs. PDG = 1.537 + 0.015 ps
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Angular Projection (Bd)

CDF Run il Praliminary L-z50 pist

A

E & & & &

cosE

COF Runll Praliminary L-2e0pi

By—=diy K© + Prob: 8645,

+
+ rﬁ#

12

+

5] PR I I TR NS W) N TN T T T T A S TR T ) A
-1 f8 L& -04 -02 ] oz o4 as =E=) 1

cos'l

DPF 2004

By—diy K" + Prob: 21.2%

+

COF Fn Il Preliminary L-ze0 pb

et} By— Jiy K™

=k ]

ad

> Projections:
> Sideband subtracted

» Detector sculpting
Corrected

Single variable projection

Ke Li Yale
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B, Amplitudes vs. Babar/Belle

Imaginary Axis

1CDF Run Il Preliminary L~260 pl:u'1
- B, Jly K" — CDF Run i
= [i7]Babar
- [.2]Belle
[ A,
ol 1l
I

16 contour

_1|||||||||

1
—

DPF 2004

0

1
Real Axis
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Babar PRL 87, 241801 (2001)

Belle P.L B538, 11 (2002)
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Bs Unconstrained Fit

2

CDF Run Il Preliminary Lumi = 258415 pb'1
[ ™ E 1
Fit data as described E kB> divo s
D - [Sigy,
8_ _SlgLight
. . . . 10 Si
Lifetime & Mass Projection g B
Long-lived
g — BKY ghortiived
§OF Fit prob: 26.4%
CDF Run Il Preliminary Lumi = 258+15 pb ' o it prob: 26.4%
F B> Jly ¢ -+ data i
60— 203+15 sig. ; 1E
- Gandidate W m(sig) : ‘" ‘ ‘
50 Fit prob: 93.4% m(Bkg) ,

0.3
ct,em

Ay = 0.784 £0.039 £0.007
A = (0510 £0.082 £0.013)el* =030 =000
VN AL = 0354 £0.098 +0.003

(uuKK) mass, GeV/c” _ +0.16 ‘ ,
7, = L0575 £0.02 ps
a o~ +0.58

candidates per 5.0 MeV/c

SM :Al'/T" =0.12+0.06 »(

0.65 T035 4 0.01
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Bs Constrained Fit

CDF Run Il Preliminary Lumi = 258415 pl
ThCOI'yI Fs /Fd ZIOOiOOI 5_1035— Bs_)d,"‘q;q) o data
e )
. . . i 11Sig,,
Experiment:c7, = 460.8 4.5 um 5 —sig,..,
10 Si
— 22-HTL constrained | E 'gHeaw
T, = > T, o ! BKY | g iivec
Ty + T 'E — BK gport.iivec
]
0

Fit prob: 37.8°

Constrain :cz. to 460.8 +6.4um (\4.5 +4.6%)

1]

0.2 0.3
ct, c

Gaussian constraint in the likelihood fit

Ap = 0.783 £0.038 £0.007

A = (0.539 £0.070 £ 0.013)elHo #0306 =009
A ] = 0.308 £0.087 +0.003

. = 1.13 T9ge £0.02 ps

Q +0.56

//SM :Al'/T'=0.12£0.06
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Angular Projection (Bs)

COF Run |l Praliminary L-260 pb COF Fun Il Fraliminary L-260 ph™
B_ — Jhpip ¥ Prob: TEE% sk, B= i Prob: 28 %
03
s
n2s +
0z

e

oty 0 S #

=]
cosE ]

COF Runll Praliminary L2600 |:I:|'1

> Projections:
» Sideband subtracted
» Acceptance Corrected

Single variable projection
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Systematics

By | ery pm  |Ao| [AY| |AL| arg(4)) arg(A,)
Bkg. ang. model 3.9 0.009 0.006 0.006 0.01 0.01
Eff. and acc. — — — - — -
K +— m swap — 0.002 0.002 0.002 0.01 —
Non-resonant decays — 0.007 0.001 0.004 0.07 0.04

Bkg. Ift. model 1.7 — = — — —
SVvX alignment 1.0 — — — — —
Lft. bias 1.3 - — —_ _ —

B, cross-feed — — — — _ —

Total 4.6 0.012 0.006 0.007 0.07 0.04
B, | etp, pm AL'/T | Ag] | A |A | arg(A))
. ang. mode 3.7 0.007 0.007 0.013 0.003 0.03

Eff. and acc. — — — — — —
Unequal # B,, B, — — — _ _ _
Bkg. Ift. model 1.7 - = — — —
SVX alignment 1.0 - . — — —
Lft. bias 1.3 — — — — —

< By crossfeed> 5.0  0.008 —  0.003 0.001 -
Total | 6.7 _ 0.011 0.007 0.013 0.003 _ 0.03
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Cross Check: B, CP odd fraction

3, Decay Distributions |
. Bs CP Odd
- Fractions at t=0
- depend only upon Cut(um) |  Fitted (%) \_ | Predicted (%)
i Jiy¢ Amplitudes >0 |/ 2014+-.90 \ ~-20.1--
- / >150 [ 242+-103 | 24.1
107 >300 |\ 206+-127 | 28.6
E CP-oven >450 | \38.7+-116/ 33.6
~ Slopes’depend upon
~ all decay modes CP-odd Bd P Odd Cut (um) Fitted (%)
102 — >0 21.6 +/-4.4
; L L a >150 23.0 +/-3.6
et (em) >300 23.0 +/- 4.0
>450 23.6 +-4.9

> Fit to amplitudes ONLY, using different minimum lifetime cuts.

> The CP odd fraction increase in the B fit suggests significant lifetime
difference in the two components

» The predictions of the fraction using our measured lifetime difference
are consistent with the angular fitting results

> The CP odd fraction of B, stays constant with different ct cuts.
Consistent with our expectation.
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Betting Odds

How likely are we to observe this value of
AT T if the true value were zero( or 0.12)?

> 10000 Toy MC fits to estimate the probability of a
fluctuation (with AI'J/T", > our measurement)
» P( measured | true = 0)

= Unconstrained Fit; 0.65 - 1/315
= Constrained Fit: 0.71 —-1/718

» P( measured | true = 0.12)
= Unconstrained Fit; 0.65 — 1/84
= Constrained Fit: 0.71 —1/204
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Conclusions

» Time dependent angular analysis powerful tool

» Competitive B; — J/y K amplitudes measurements
(agree well with BaBar/Belle)

» By lifetime agrees well with PDG

» ~200 B, — J/Iy® show evidence of lifetime difference in B,
system.

> For constrained fit, we measured:

AT . =0.46+0.18%.01 ps” AFL: 0.717°2 +0.01

» AI';=0ruled out at ~1/700 odds (with I'_ = I', constraints)
~ First measurement of B lifetime difference.

» More data coming underway!!! On the edge of
Challenging Standard Model. (AI'./I'{(SM) = 0.12 +/- 0.06)
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Likelihood Scan

i S ) | K

L~260 pb™*

CDF Run Il Preliminary

unconstrained fit

-2In(LIL,)

— .I.. ..
L}
.... ..'.
= e, o
o“.
I L L L | L L I 1 I
0 0.2 04 0.6 038 1
ATJT,

CDF Run Il Preliminary

L~260 pb"'

=

||||Iltb

T, constrained to T,

> Scan in AT /T, refit at each point letting other parameters float
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Main Fitting Results

By Bs Unconstrained Fit | Bs Constrained Fit | unit
Mp || 5280.2 £ 0.8 | 5366.1 +0.8 5366.0 £ 0.8 Me\f/cz
Ag || 0.750 +£ 0.017 | 0.784 + 0.039 0.783 + 0.038
A” 0.473 +0.034 | 0.510 + 0.082 0.539 + 0.070
A || 0.464 £ 0.035 | 0.354 £ 0.098 0.308 + 0.087
c”i” 2.86 £ 0.22 1.94 £ 0.36 1.91 £0.32
5, | 0.15+0.15
ctp || 462 £+ 15 L
CTy, 316 __I_ig 340 __I_gg (m
Ty 622 T1I° 713 1187 jm
cTs 419 743 460 + 6.2 Jm
Al/Ts 65 33 el %
AT 0.47 T312 0.46 TO-17 ps—1
Nyig || 1155 £ 39 203 + 15 201 + 15
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Other Fitting Parameters

Parameter

B, result

Bs result

unit

s

0.151 +£0.005

0.164 + 0.012

Sm

—1.06 +0.89
1.65 = 0.06

—22+1.2
1.81 £0.12

(Gev/c?)~1

0.292 + 0.009
0.358 = 0.017
1.60 == 0.06

0.318 = 0.023
0.385 +0.041
1.63+0.13

0.042 +0.014
0.145 = 0.019
0.044 + 0.006
47 =7

45 + 6

348 1+ 40
1.27 +£0.02

0.124 £ 0.031
0.011 +£ 0.007
66 = 17

634 + 280
1.33 = 0.04

©Hm
©m
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Implication for Am,

AFS — (3 7+0 8 10_3 (B Physics at the Tevatron Report value)
Am — ( . ) (Beneke, et al hep-ph/9808385 NLO analys

A

69 , : .
Am — 125+ Using our constrained fit results

_55 pS

Current limit Am_ > 14.9 ps-' (95% C.L.)
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Tevatron and CDF Run |l

MAIN INJECTOR

A

~ N ¥  TARGET HALL
“:i\\“‘él‘ 4 ANTIPROTON

TEVATRON

|II .'.
| { =
f.r' g J

;(
(2]
r
m
-]

I
T S
S\ ﬂ \h\?ounce
AN \&‘ BOOSTER
i :// f.% LINAC
o ~ ‘% -
= COCKCROFT-WALTON
g
PROTON ,‘fj;;/”’
i e
Central Calorimeter (E/H) : "{'f::f:
-~ -
NEUTRINO /,_,-f;,-r;j/’ MESON
" o Antiprates  Protes
Dirsotisn Direcilan
Plug Calorimeter (E/H)

Forward Calorimeter (E)

Luminosity Monitor

Time of Flight

entral Quter Tracker
Silicon Vertex Detector
Intermediate Silicon
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MC vs Data (B,) (I)

Y ) .
Fl'l:l:—:ﬂ.l:l:ﬂt +¢b# 149 ﬁ]
e —
pik "), GeVic pAB GeVic
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MC vs Data (B,) (ll)
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B, Sideband Subtracted KTt

CDF Run Il Preliminary L~260 pb'1
B,— J?} K sideband subtracted

~.,500~

C

per 25 MeV/
2
=)

K™ mass window + 50 MeV/c2

W
oS
=)

Candidate

200

100

II|||IIII|I||||I|II||II|
_._

ﬂ pro Tt ut
W ¢++++ WHJ,#M it ++**
’||||||||||. |||||+‘

1 1.2 1.4 1 6 1. 8 2 2.2
Kr candidate mass [GeVIcz]

-

o
%—ﬁ—
— .
__._

=]
o [T T
o
o -]
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Detector Acceptance Correction

Q{4,}:8) =2 4./,(5)
Q,, ({4}; 5) = Q({4}; pe(p) /{e)
= Z Alﬁ(ﬁ)g(ﬁ) /<5>

Log Likelihood function is
log L = log[ <1>Q<{A} p)e(p)}
= log(({4,}: 7))+ logle(5))~log (=)

A

Does not depend on A;, can be dropped in the
minimization procedure.

= jdﬁ{z A,.fi(ﬁ)ew)}
=24 {Idpf(p)f(p)}

—

A2

&, fromMC

N ye

>, fi(P)

MC Jj=1

Calculate & from Monte Carlo.

Include them into the likelihood function.

Detector Acceptance Correction
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